Growing evidence indicates that risk for bipolar disorder is characterized by elevated activation in a fronto-striatal reward neural circuit involving the ventral striatum and orbitofrontal cortex, among other regions. It is proposed that individuals with abnormally elevated reward-related neural activation are at risk for experiencing an excessive increase in approach-related motivation during life events involving rewards or goal striving and attainment. In the extreme, this increase in motivation is reflected in hypomanic/manic symptoms. By contrast, unipolar depression (without a history of hypomania/mania) is characterized by decreased reward responsivity and decreased reward-related neural activation. Collectively, this suggests that risk for bipolar disorder and unipolar depression are characterized by distinct and opposite profiles of reward processing and reward-related neural activation. The objective of the present paper is threefold. First, we review the literature on reward processing and reward-related neural activation in bipolar disorder, and in particular risk for hypomania/mania. Second, we propose that reward-related neural activation reflects a biological marker of differential risk for bipolar disorder versus unipolar depression that may help facilitate psychiatric assessment and differential diagnosis. We also discuss, however, the challenges to using neuroscience techniques and biological markers in a clinical setting for assessment and diagnostic purposes. Lastly, we address the pharmacological and psychosocial treatment implications of research on reward-related neural activation in bipolar disorder.
The Diagnostic and Statistical Manual of Mental Disorders (5th ed.; American Psychiatric Association, 2013) defines the bipolar spectrum disorders as encompassing three diagnoses: cyclothymia, bipolar II disorder, and bipolar I disorder. All three diagnoses involve extreme highs (hypomania or mania) and lows (depression) of mood, motivation, cognition, and behavior, but differ in severity level with bipolar I disorder being the most severe and cyclothymia the least severe. Moreover, having a milder form of bipolar disorder (cyclothymia, bipolar II) increases the risk for developing fullblown bipolar I disorder in both children/adolescents (Birmaher et al., 2009; Kochman et al., 2005) and adults , supporting the concept that bipolar disorder involves a spectrum of severity.
Bipolar disorder is associated with significant work impairment, high rates of divorce and substance abuse, a 10-year earlier mortality rate, and leads to suicide in nearly one out of every five diagnosed individuals (Angst, Stassen, Clayton, & Angst, 2002; Chen & Dilsaver, 1996; Goodwin & Jamison, 2007; Isometsa, 1993; Kupfer et al., 2002) . Indeed, bipolar disorder has been ranked one of the six most debilitating of all non-communicable illnesses in the world (Ayuso-Mateos, 2006) . Despite the severity of this illness, bipolar disorder is either frequently misdiagnosed, or there is a lengthy time period from the point of illness onset to correct diagnosis. Delays ranging from 6 to 10 years or longer have been reported before individuals with bipolar disorder receive an accurate diagnosis and appropriate treatment (Ghaemi, Boiman, Goodwin, et al., 2000; Ghaemi, Sachs, Chiou, Pandurangi, & Goodwin, 1999) . Hirschfeld, Lewis, and Vornik (2003) reported data from the National Depressive and Manic Depressive Association survey indicating that close to 70% of respondents with bipolar disorder were initially misdiagnosed, with the most frequent misdiagnosis being unipolar depression (60%). Those who were misdiagnosed consulted a mean of four physicians prior to receiving the correct diagnosis and over one-third waited 10 years or more before receiving an accurate diagnosis. The misdiagnosis of bipolar disorder not only delays administration of appropriate treatment but may have a deleterious effect on the course of bipolar disorder given research suggesting that antidepressant medications typically used for treating unipolar depression may be a risk factor for 'switching' into hypomanic/manic episodes among individuals at risk for bipolar disorder (Altshuler et al., 1995; Ghaemi et al., 2000; Ghaemi, Hsu, Soldani, & Goodwin, 2003; Valenti et al., 2012) [Although see Visser and Van Der Mast (2005) for research indicating no strong evidence that antidepressant use in bipolar disorder increases risk for hypomanic/manic episodes].
Converging factors contribute to the frequent mis-and underdiagnosis of bipolar disorder. For example, the significant impairment associated with bipolar depression (Calabrese et al., 2006) results in individuals with bipolar disorder being more likely to present for treatment when depressed, increasing the likelihood of an inaccurate diagnosis of unipolar depression (Keck, Kessler, & Ross, 2008) . Another contributor of misdiagnosis may involve the absence of biologically relevant diagnostic markers to help differentiate risk for bipolar disorder from other psychiatric disorders, particularly unipolar depression. In considering a biological marker, it is important to assess whether the marker is common to multiple psychiatric disorders, or specific to a particular disorder. As an example, both elevated cortico-amygdala threat-related neural activation and deficits in pre-frontal executive control are observed across multiple psychiatric disorders, including unipolar depression (Hamilton et al., 2012; Wagner et al., 2006) , bipolar disorder (Almeida, Versace, Hassel, Kupfer, & Phillips, 2010; Phillips & Vieta, 2007) , and anxiety disorders (Etkin & Wager, 2007; Pacheco-Unguetti, Acosta, Marques, & Lupianez, 2011) . Thus, while threat-and executive control-related neural activation may reflect biological markers for transdiagnostic symptomatology, they may not be particularly helpful in differentiating risk for specific disorders. By contrast, there is growing evidence that bipolar disorder and unipolar depression may be characterized by distinct profiles of fronto-striatal reward-related neural activation. Specifically, bipolar disorder has been associated with abnormally elevated or hyperactive reward-related neural activation (Bermpohl et al., 2010; Nusslock, Almeida, et al., 2012) , whereas unipolar depression has been associated with reduced or blunted reward-related neural activation Heller et al., 2009; McCabe, Cowen, & Harmer, 2009 ). Thus, the central premise of this paper is that elevated reward-related neural activation may reflect a biological marker for bipolar disorder that can help distinguish risk for bipolar disorder from unipolar depression. The present paper has three objectives. First, we review the behavioral approach system (BAS)/reward hypersensitivity model of bipolar disorder, giving particular attention to neuroimaging research on fronto-striatal reward-related neural activation. As summarized below, reward hypersensitivity appears to be particularly implicated in hypomania/mania, and less so in bipolar depression. Thus, the present paper focuses primarily on reward-related neural activation in the pathophysiology of hypomania/mania. Second, we examine the extent to which reward-related neural activation reflects a biological marker of differential risk for bipolar disorder (particularly hypomania/mania) versus unipolar depression that could potentially be used to facilitate psychiatric assessment and differential diagnosis. Included in this discussion is an overview of the challenges to using neuroscience techniques and biological markers in a clinical setting for assessment and diagnostic purposes. Lastly, we will examine the pharmacological and psychosocial treatment implications of research on reward processing and reward-related neural activation in bipolar disorder.
Behavioral approach system (BAS)/Reward hypersensitivity model of bipolar disorder
The BAS/reward hypersensitivity model of bipolar disorder argues that abnormalities in reward processing and approach-related affect play an important role in the pathophysiology of bipolar disorder, and in particular hypomanic/manic symptoms (Alloy & Abramson, 2010; Johnson, 2005; Johnson, Edge, Holmes, & Carver, 2012; Urosevic, Abramson, & Harmon-Jones, & Alloy, 2008) . Reward processing relates to the value an individual places on potential rewards, the perceived probability of reward receipt, and the mechanisms by which an individual processes rewards or goal-relevant cues. These cues can be either external (presence of a desired reward) or internal (expectancies of reward attainment). Approach motivation involves the engagement of cognitive, behavioral, and motoric resources to pursue the potential reward or goal. Considerable evidence implicates a fronto-striatal neural circuit in both reward processing and approach-related affect (Berridge, Robinson, & Aldridge, 2009; Haber & Knutson, 2010; Kringelbach & Rolls, 2004) . Activation of reward and approachrelated systems is associated with increased incentive-motivation, positive goal-striving emotions, and increased motor-related behavior (Depue & Collins, 1999) , as well as anger when goal striving is frustrated or blocked (Carver, 2004; Harmon-Jones & Sigelman, 2001) .
The BAS/reward hypersensitivity model proposes that risk for hypomania and mania is characterized by a hypersensitivity to goal-and reward-relevant cues. This hypersensitivity can lead to an excessive increase in approach-related affect and motivation during life events involving rewards or goal striving and attainment. In the extreme, this excessive increase in approach-related affect is reflected in hypomanic/manic symptoms, such as elevated or irritable mood, decreased need for sleep, increased psychomotor activation, extreme self-confidence, and pursuit of rewarding activities without attention to risks. Thus, from the perspective of the BAS/ reward hypersensitivity model, symptoms of hypomania/mania involve extreme expressions along an underlying core brainbehavior dimension of positive valence, reward-processing and approach-related affect.
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In its original conceptualization the BAS/reward hypersensitivity model proposed that reward hypersensitivity can lead to both hypomanic/manic or bipolar depressive symptoms in response to positive and negative reward-relevant events, respectively (Alloy & Abramson, 2010; Depue, Krauss, & Spoont, 1987; Urosevic et al., 2008) . The basis for this prediction is that reward hypersensitivity should make individuals hypersensitive to both cues signaling the possible attainment and loss of reward. To date, however, there is not strong support for a linkage between reward hypersensitivity and the course and onset of bipolar depression . Instead, research highlights the role that reward hypersensitivity plays in the pathophysiology of hypomania/mania, suggesting that other etiological mechanisms (e.g., threat-related processing) may underlie the depressive phase of bipolar disorder. Accordingly, the 1 Future work is needed to examine the extent to which the BAS/reward hypersensitivity model and research on the fronto-striatal neural circuit in bipolar disorder can account for mixed episodes. Many individuals with bipolar disorder (up to 40% in some clinical samples; Swann et al., 2013) present with mixed symptoms, and these are even more common in individuals with early-onset bipolar disorder (Perlis et al., 2009) . Understanding the pathophysiology of mixed states has important scientific, diagnostic, and treatment implications. We propose that mixed states may involve the co-activation of both the fronto-striatal neural circuit, as reflected in excessive approach-related affect, and the cortico-amygdala circuit, as reflected in excessive negative affect. Future research is needed to test this hypothesis. present paper primarily focuses on the role that reward hypersensitivity plays in hypomania/mania.
In line with the BAS/reward hypersensitivity model is considerable psychosocial research indicating that individuals with bipolar disorder self-report a hypersensitivity to reward-relevant cues. This research has been aided by the development of the BAS scale of the Behavioral Inhibition System/Behavioral Activation System (BIS/BAS) scales, a self-report measure of reward and approach system sensitivity by Carver and White (1994) . According to Carver and White (1994) , "greater self-reported BAS sensitivity should be reflected in greater proneness to engage in goal-directed efforts and experience positive feelings when the person is exposed to cues of impending reward" (p. 319). Compared to relevant control groups, individuals with bipolar I disorder (Meyer, Johnson, & Winters, 2001; Salavert et al., 2007) , bipolar II disorder and cyclothymia , and people prone to hypomanic symptoms (Meyer, Johnson, & Carver, 1999) self-report elevated BAS sensitivity. Using a retrospective and concurrent behavioral highrisk design, found that individuals selected on the basis of high self-reported BAS sensitivity were six times more likely to obtain a lifetime diagnosis of a bipolar spectrum disorder than were individuals with moderate BAS sensitivity. Individuals with or vulnerable to bipolar spectrum disorders also exhibit ambitious goal-setting relative to controls, particularly for goals involving fame, achievement, and financial success (Gruber & Johnson, 2009; Johnson & Carver, 2006; , and display greater behavioral, emotional, and cognitive responses to rewards (Eisner, Johnson, & Carver, 2008; Johnson, Ruggero, & Carver, 2005) . Related, bipolar individuals display biased expectations of positive outcomes when considering goals, particularly following initial success . The relationship between bipolarity and BAS/reward sensitivity appears to be state-independent in that it is not related to current levels of mania (Lozano & Johnson, 2001; Scott, Stanton, Garland, & Ferrier, 2000) , and reward sensitivity continues to be elevated into remission relative to controls (Lam, Wright, & Smith, 2004; Meyer et al., 2001) .
Growing evidence indicates that profiles of BAS/reward sensitivity have predictive validity for the course of bipolar spectrum disorders. Elevated self-reported BAS/reward sensitivity is associated with a greater likelihood of having a lifetime bipolar spectrum diagnosis , a greater likelihood of developing a first onset of a bipolar spectrum disorder (Alloy, Abramson, Neeren, et al., 2012) , a shorter time to recurrences of hypomanic/manic episodes , an increase in manic symptoms among recovered individuals with bipolar I disorder (Meyer et al., 2001) , and a greater likelihood of progressing to a more severe bipolar diagnosis among those with milder bipolar spectrum diagnoses (Alloy, Bender, et al., 2012) . Furthermore, both reward-striving (Nusslock, Abramson, HarmonJones, Alloy, & Hogan, 2007) and reward-attainment (Johnson et al., 2000) relevant life events have been shown to trigger hypomanic/ manic episodes, and self-reported BAS sensitivity interacts with reward-relevant events to prospectively predict increases in hypomanic symptoms ).
Neurophysiological indices of reward hypersensitivity in bipolar disorder
Research has recently begun examining the neurophysiological and neurobiological basis of reward hypersensitivity in bipolar disorder. With respect to neurophysiology, much of this work has focused on relative left versus right frontal electroencephalographic (EEG) activity. Close to thirty years of research suggests that relative left frontal EEG activity may reflect a neurophysiological index of approach system sensitivity and reward-related affect (see Coan & Allen, 2004 for review). Increased relative left-frontal EEG activity indicates a propensity to approach or engage a stimulus, whereas decreased relative left-frontal activity indicates a propensity toward reduced approach-related affect or increased withdrawal motivation. In line with this perspective, increased relative left-frontal EEG activity has been associated with elevated self-reported BAS sensitivity (Harmon-Jones & Allen, 1997; Sutton & Davidson, 1997) , positive activation (Tomarken, Davidson, Wheeler, & Doss, 1992) , and a response bias toward rewardrelevant stimuli (Pizzagalli, Sherwood, Henriques, & Davidson, 2005) . Increased relative left frontal activity has also been associated with elevated state and trait anger (Harmon-Jones, 2003) , an approach-related affect despite its negative valence (Carver & Harmon-Jones, 2009 ).
Consistent with the BAS/reward hypersensitivity theory, bipolar disorder is characterized by elevated relative left frontal EEG activity. Harmon-Jones and colleagues reported that both individuals prone to hypomanic/manic symptoms (2002) and individuals with a bipolar spectrum diagnosis (2008) display elevated relative leftfrontal activity during approach or reward-related laboratory tasks compared to healthy controls. Amongst individuals with a bipolar spectrum diagnosis, elevated relative left-frontal activity is a risk factor for a more severe course. Specifically, Nusslock, Harmon-Jones, et al. (2012) reported that elevated left frontal activity was associated with a greater likelihood of converting from cyclothymia or bipolar II disorder to bipolar I disorder over a fiveyear follow-up period. This is the first study to identify a neurophysiological risk factor for conversion to a more severe bipolar diagnosis and parallels the previously mentioned research indicating that elevated self-reported BAS/reward sensitivity is associated with a more severe bipolar course.
Complimenting neurophysiological research on relative left frontal EEG activity is work employing event-related potentials (ERP). Embedded within EEG data, ERPs are electrical potentials that occur in preparation for, or in response to, discrete events, whether they be internal or external to the participant. An advantage of ERP is that it provides strong temporal resolution, allowing researchers to examine brain activation on the order of milliseconds (Nusslock, Young, Pornpattanananangkul, & Damme, in press) . Increasing evidence suggests that reward sensitivity can be measured using the feedback negativity (FN), an ERP component elicited by stimuli that indicate monetary gain versus loss. In gambling tasks, the FN appears as a relative negative deflection in the waveform approximately 300 ms following feedback indicating monetary loss compared to gain (Hajcak, Moser, Holroyd, & Simons, 2007; Yeung, Holroyd, & Cohen, 2005) . The reinforcement learning model of the FN (Holroyd & Coles, 2002) proposes that this signal represents rapid evaluation of the motivational impact of behavioral outcomes and the encoding of these outcomes as either better or worse than expected. Thus, the FN encodes reward prediction error that reflects the discrepancy between desired and actual outcomes. The FN is generated when midbrain dopamine neurons encode a reward prediction error and send afferent signals to the anterior cingulate cortex and adjacent motor and prefrontal regions to adapt one's behavioral performance to pursue gains and/or minimize loss (Cohen & Ranganath, 2007) . Mason, O'Sullivan, Bentall, and El-Deredy (2012) recently examined the relationship between the FN to monetary gain/loss stimuli and hypomanic traits, as assessed by the Hypomanic Personality Scale (HPS; Eckblad & Chapman, 1986) . In a 10-year prospective study, more than 75% of individuals with high scores on the HPS developed manic or hypomanic episodes (Kwapil et al., 2000) , demonstrating that the HPS is a good index of risk for bipolar disorder. In line with the BAS/reward hypersensitivity model, individuals with elevated HPS scores displayed greater reward responsiveness, as indexed by the FN, compared to individuals with both moderate and low HPS scores (Mason et al., 2012) . Research examining the FN in individuals with bipolar spectrum diagnoses, including bipolar I disorder, will be an important area for future research.
In summary, both research on relative left frontal EEG activity and the FN ERP component indicate that bipolar spectrum disorders are associated with a neurophysiological hypersensitivity to reward-relevant cues. Next, we examine neuroimaging studies of reward-related neural activation in bipolar disorder.
The fronto-striatal reward-neural circuit Although many regions in the brain respond to reward, the fronto-striatal neural circuit is at the heart of the reward system Haber & Knutson, 2010; Kringelbach & Berridge, 2009; Schultz, 2000; Schultz, Tremblay, & Hollerman, 2000) . This circuit involves dopaminergic projections from midbrain nuclei (e.g., the ventral tegmental area), to subcortical regions that are central to processing the rewarding properties of stimuli (e.g., the ventral striatum, including the nucleus accumbens), to cortical target regions (e.g., the oribitofrontal cortex, medial prefrontal cortex, anterior cingulate cortex). Both animal and human-based research highlight the central role that this circuit plays in reward-responsivity, incentive-based learning, assessing probability of reward receipt, prediction error, and goal directed behavior. For example, functional magnetic resonance imaging (fMRI) research in humans indicates increased midbrain activation in regions such as the substantia nigra and ventral tegmental area during anticipation of pleasant tastes (O'Doherty, Deichmann, Critchley, & Dolan, 2002), anticipation of monetary gains (Knutson, Taylor, Kaufman, Peterson, & Glover, 2005) , reward-predicting cues (Adcock, Thangavel, Whitfield-Gabrieli, Knutson, & Gabrieli, 2006) , and during exposure to positive or rewarding visual stimuli (Aron et al., 2005) .
Midbrain dopamine neurons have substantial projections to the ventral striatum, which is a central hub of reward processing. Anatomical definitions of the ventral striatum vary across animal and human based research; however, in human neuroimaging it frequently includes the nucleus accumbens, the ventral medial caudate, and the rostroventral putamen (Haber & Knutson, 2010) . Both metabolic positron emission tomography (PET) and fMRI studies indicate that exposure to both primary (e.g., pleasant tastes, sounds and sights) and secondary rewards (e.g., monetary rewards) increase striatal activity in humans (Blood & Zatorre, 2001; Delgado, Nystrom, Fissell, Noll, & Fiez, 2000; Haber & Knutson, 2010; Knutson et al., 2005; Small, Zatorre, Dagher, Evans, & Jones-Gotman, 2001 ). The observed elevation in striatal activity to both primary and secondary rewards is consistent with the notion that striatal activation does not depend on sensory modality. Many of these studies included unpleasant and neutral stimuli, thus controlling for arousal and other confounds (e.g., perceptual and behavioral demands). A number of factors modulate striatal activity to reward cues, including the magnitude of the reward, the probability of reward receipt, the amount of time until the anticipated reward can be obtained (i.e., delay), and the effort required to pursue the reward (see Haber & Knutson, 2010 for review). Furthermore, elevated ventral striatal activity during reward anticipation is associated with elevated self-reported BAS/reward sensitivity (Caseras, Lawrence, Murphy, Wise, & Phillips, 2013; Hahn et al., 2009) .
The region of the cortex most often associated with reward is the orbitofrontal cortex (OFC; Haber & Knutson, 2010; Kringelbach & Rolls, 2004; Schultz et al., 2000) . There is variability in how the OFC is anatomically defined, particularly across animal and human based studies. Drawing from research on reward-related neural activation in bipolar disorder (Bermpohl et al., 2010; Nusslock, Almeida, et al., 2012) , we define the OFC as Broadmann Area (BA) 10, 11, and 47 for the present paper. Several neuroimaging studies indicate that sensory and abstract rewards recruit the OFC (Blood & Zatorre, 2001; Knutson, Westdorp, Kaiser, & Hommer, 2000; Small et al., 2001) . A meta-analysis of these findings (Kringelbach & Rolls, 2004) suggests a potentially important distinction between medial and lateral regions of the OFC. This analysis indicates that the medial OFC (BA 10, 11) is clearly sensitive to the rewarding properties of stimuli and the generation of positive or approach-related affect, but the lateral OFC (e.g., BA 47) appears to be sensitive to both positive and negative (i.e., punishment cues) cues. Accordingly, activation of the lateral OFC has been interpreted in terms of arousal (Schmidt et al., 2009 ) and salience (Lewis, Critchley, Rothstein, & Dolan, 2007) as opposed to positive hedonic evaluation. Finally, the dorsal anterior cingulate cortex (dACC) is frequently activated in studies of reward-related learning and decision making and likely helps mediate action selection under situations involving conflict between competing responses to maximize reward (Bush et al., 2002; Hampton & O'Doherty, 2007) .
Both animal and human research highlights the central role of dopamine neurotransmission in the fronto-striatal reward circuit (Haber & Knutson, 2010; Schultz, 2002; Wise, 2002) . Relative to placebo injection, ligand-based PET research indicates that amphetamine injection robustly increases striatal dopamine, and these increases correlate with positive and arousing affective experiences (Drevets et al., 2001; Volkow et al., 1999) . Alcohol, cocaine, and secondary rewards such as gambling all increase dopamine release in the striatum (Boileau et al., 2003; Cox et al., 2009) . Dopamine, however, appears to be more involved in reward anticipation and 'wanting', and less involved in reward outcome and 'liking' . For example, suppression of endogenous dopamine neurotransmission reduces 'wanting' but not liking (Berridge, 2007) , and amplification of 'wanting' without 'liking' has been produced by the activation of dopamine systems by amphetamine or similar drugs (Robinson & Berridge, 1993) . Reward consumption or 'liking' has been linked to endogenous opiods and endocannabinoids (see Berridge et al., 2009 for review).
Fronto-striatal indices of reward hypersensitivity in bipolar disorder
Structural and functional neuroimaging studies implicate the fronto-striatal neural circuit in the pathophysiology of bipolar disorder. Structural imaging studies report abnormalities in prefrontal volume (Lopez-Larson, DelBello, Zimmerman, Schwiers, & Strakowski, 2002) and increased striatal size in individuals with bipolar disorder. Gray matter deficits in the striatum and the ACC are also present in individuals at genetic risk for bipolar disorder, but who have not yet developed the illness (McDonald et al., 2004) . This latter finding suggests that structural abnormalities in the fronto-striatal circuit may reflect a preexisting risk factor for bipolar disorder, as opposed to a consequence of hypomanic/manic and depressive episodes. Positron emission tomography (PET) studies report increased metabolism in the striatum (among other regions) in both currently depressed (Drevets et al., 1995; Ketter et al., 2001; Mah et al., 2007) and manic (Blumberg et al., 2000) bipolar individuals, suggesting that elevated metabolic activity in the striatum may be a state-independent marker of bipolar disorder [although see Brooks et al. (2009) for evidence of decreased metabolic activity in the striatum in bipolar depression]. Functional neuroimaging studies also indicate alterations in prefrontal (including orbitofrontal) and ventral striatal neural activation during cognitive and emotional tasks, including emotional-face matching , probability-based decision making (Rubinsztein et al., 2001) , motor inhibition (Leibenluft et al., 2007) , and both affective (Elliott et al., 2004) and letter-based Go/NoGo paradigms.
In line with the BAS/reward-hypersensitivity model, bipolar disorder is associated with an excessive increase in fronto-striatal reward-related neural activation to positive or approach-related stimuli. For example, bipolar individuals display elevated striatal (Hassel et al., 2008; Lawrence et al., 2004) , OFC (Elliott et al., 2004) , and amygdala (Bermpohl et al., 2009 ) activation to pictures of happy faces or pleasant stimuli compared to healthy controls. There is preliminary evidence that this effect is state-independent, as elevated reward-related neural activation to positive emotional stimuli has been observed in both remitted (Hassel et al., 2008) and manic (Bermpohl et al., 2009; Elliott et al., 2004 ) bipolar individuals [although see Liu et al. (2012) for evidence of decreased striatal, OFC, and ACC activation in bipolar individuals to happy versus neutral faces].
Although it is informative to examine reward-related neural activation to happy faces or pleasant stimuli, this approach has its limitations. First, passively viewing pleasant stimuli may be suboptimal for engaging fronto-striatal neural circuitry given this circuits involvement in facilitating approach-related affect and behavior to pursue possible rewards. Second, as typically used, this approach does not allow researchers to separately examine anticipatory (wanting) versus consummatory (liking) reward-related neural activation, which may be important for understanding the pathophysiology of bipolar disorder. Accordingly, researchers in the area of bipolar disorder have begun to employ established fMRI reward paradigms to examine neural activation to the anticipation and receipt of monetary reward and loss. The two most common fMRI reward paradigms used in research on bipolar disorder, and mood disorders more generally, are a card guessing paradigm and the monetary incentive delay task (MID). In the card guessing paradigm [adapted from Forbes et al., (2009) ], participants guess, via button press, whether the value of a visually presented card with a possible value of 1e9 is higher or lower than five. If participants make a correct guess, they can win money during win trials and avoid losing money during loss trials. After a guess is made, participants wait to see whether they guessed correctly (anticipation period) and then receive feedback as to whether they won or lost money for that trial based on their guess (outcome period). The MID task, developed by Knutson, Adams, Fong, and Hommer (2001) , involves a comparable trial structure to the card guessing paradigm except that participants' monetary gain versus loss depends on their performance on a motoric reaction time task.
The handful of studies on bipolar disorder that have employed fMRI reward paradigms provide compelling, albeit nuanced, support for the BAS/reward hypersensitivity model (see Table 1 ). Nusslock, Almeida, et al. (2012) used the card guessing paradigm to examine reward-related neural activation in euthymic bipolar I disorder versus healthy control participants. In line with prediction, euthymic bipolar I disorder participants displayed greater ventral striatal, medial OFC (BA 10), and left lateral OFC (BA 47) activation during the anticipation, but not the outcome, of monetary reward relative to healthy controls. There were no differences in neural activation between bipolar I and healthy control participants during anticipation or receipt of monetary loss. The fact that rewardrelated neural activation was abnormally elevated in bipolar I individuals during remission suggests that this profile of frontostriatal activity may reflect a trait-like risk factor for bipolar disorder. To establish a biological marker of a disorder, however, it is important to examine the marker across multiple phases of the illness. To date, there have been two studies that used an fMRI reward paradigm with bipolar I individuals during a manic episode, and one study that used such a paradigm with bipolar I individuals during a depressive episode. With respect to mania, Bermpohl et al. (2010) reported that fifteen bipolar I individuals in a manic episode displayed elevated left lateral OFC (BA 47) activation during reward anticipation in the MID task, while healthy participants showed the inverse effect. In a second study, Abler, Erk, and Walter (2007) reported increased activation in the ventral striatum coupled with reward omission in manic versus healthy participants, suggesting that bipolar individuals in a manic episode have a reduced capacity to discriminate between rewards on the basis of their actual value and relevance.
With respect to bipolar depression, Chase et al. (2013) used the card guessing task to compare reward-related neural activation in currently depressed bipolar I individuals, currently depressed individuals with major depressive disorder (MDD), and healthy controls. Analyses examined anticipation and outcome of reward and loss trials separately, as well as the effect of collapsing anticipation of both reward and loss into a single regressor. This regressor reflects anticipation per se, independent of anticipated value. The authors report that both bipolar I and MDD depressed participants displayed decreased ACC activation during reward anticipation relative to healthy controls. This finding highlights the presence of state-dependent effects of depression on reward-related neural activation in the ACC in individuals with bipolar I disorder. The authors further report, however, that bipolar depressed participants displayed elevated left lateral OFC (BA 47) activation during anticipation, collapsing across reward and loss trials. Thus, even during depression, individuals with bipolar I disorder maintain heightened activation in regions of the fronto-striatal neural circuit.
Further evidence for elevated reward-related neural activation in bipolar disorder comes from research on individuals with a bipolar spectrum diagnosis (i.e., bipolar II disorder), and individuals at elevated risk for bipolar disorder who have not yet developed the illness. Using the card-guessing paradigm, Caseras et al. (2013) reported that euthymic bipolar II participants displayed greater ventral striatal and left lateral OFC activation during reward anticipation compared to healthy controls (contrary to prediction, this study did not find elevated ventral striatal activity during reward anticipation among bipolar I individuals). Depressed bipolar II participants also displayed elevated metabolism in the ventral striatum, anteroventral putamen, and the left OFC, as indexed by PET (Mah et al., 2007) . Lastly, individuals with a hypomanic temperament who have not yet developed bipolar disorder (Harada et al., 2013) display elevated ventral striatal activation and leftlateral OFC activation during reward processing. This latter finding suggests that, like structural abnormalities in the frontostriatal circuit, elevated functional reward-related neural activation may reflect a preexisting risk factor for bipolar disorder, as opposed to a consequence of the illness. In summary, there is compelling evidence that bipolar disorder is characterized by abnormally elevated fronto-striatal rewardrelated neural activation. Structural imaging studies report increased ventral striatal volume in individuals with bipolar disorder , and functional imaging studies report elevated reward-related neural activation in individuals with bipolar I disorder (Abler, Greenhouse, Ongur, Walter, & Heckers, 2008; Bermpohl et al., 2010; Chase et al., 2013; Nusslock, Almeida, et al., 2012) , bipolar II disorder (Caseras et al., 2013; Mah et al., 2007) , and individuals at elevated risk for bipolar disorder who have not yet developed the illness (Harada et al., 2013) . We propose that elevated reward-related neural activation is likely the biological mechanism underlying elevated self-report, behavioral, and neurophysiological indices of reward sensitivity that have been documented in bipolar disorder research (Alloy & Abramson, 2010; Johnson, 2005; Johnson, Carver, & Gotlib, 2012; Urosevic et al., 2008) . We and others (Alloy & Abramson, 2010; Depue et al., 1987; Urosevic et al., 2008) further propose that a hypersensitivity of the frontostriatal reward circuit is likely a central mechanism through which individuals with bipolar disorder are at risk for developing hypomanic/manic episodes in the presence of goal or rewardrelevant life events. Specifically, it is proposed that individuals with bipolar disorder experience an excessive increase in rewardrelated neural activation to reward-relevant life events which is reflected in an excessive increase in reward or approach-related affect and behavior. In the extreme, this increase in rewardrelated neural activation and approach-related affect is reflected in hypo/manic symptoms (see Fig. 1 ).
In studies that have employed an fMRI reward paradigm, one of the most reliable findings is that bipolar individuals display an abnormal increase in left lateral OFC activation during reward anticipation. This has now been observed across the entire bipolar spectrum, including individuals with bipolar I disorder (Bermpohl et al., 2010; Chase et al., 2013; Nusslock, Almeida, et al., 2012) , bipolar II disorder (Caseras et al., 2013) , and individuals at risk for bipolar disorder (Harada et al., 2013) . Elevated left lateral OFC activation during reward anticipation has also been observed across all phases of bipolar disorder, including mania (Bermpohl et al., 2010) , euthymia (Nusslock, Almeida, et al., 2012) , and depression (Chase et al., 2013) . Collectively, these findings suggest that there may be a trait-like, and perhaps endophenotypic, abnormality in this region in individuals with bipolar disorder during reward processing. The lateral OFC is a complicated area of neuronal real estate, and the precise function of this region is still debated. Indeed, in many areas of cognitive neuroscience, BA 47 is discussed as being a part of the ventrolateral prefrontal cortex (vlPFC; Badre & Wagner, 2007) or the inferior frontal gyrus (Kensinger & Corkin, 2004) , as opposed to the OFC. This region has been implicated in many cognitive and affective processes, including the regulation of affect (Wager, Davidson, Hughes, Lindquist, & Ochsner, 2008) , the effect of emotion on memory (Murty, Ritchey, Adcock, & LaBar, 2010) , and the flexible control of task performance (Hampshire & Owen, 2006) . This region has also been observed to be dysfunctional in individuals with bipolar disorder and first degree relatives across a variety of non-rewardrelated fMRI paradigms (Pompei et al., 2011; Robinson et al., 2008) . As indicated above, the lateral OFC in the context of reward processing is implicated in arousal (Schmidt et al., 2009) and salience (Lewis et al., 2007) , as opposed to positive hedonic evaluation. Thus, in line with the BAS/reward hypersensitivity model, this suggests that bipolar disorder is likely characterized by abnormalities in regulating arousal and behavioral activation during reward processing and goal pursuit. The fact that this profile of elevated left lateral OFC activation during reward processing is state-independent suggests that even when depressed bipolar individuals maintain an elevated cortical representation of reward. Furthermore, the left lateralization of this effect is consistent with neurophysiological data summarized above indicating that bipolar disorder is characterized by elevated relative left frontal EEG activity (Harmon-Jones et al., 2002 Nusslock, Harmon-Jones, et al., 2012) . Thus, at multiple levels of analysis, the left-lateral prefrontal cortex appears to play an important role in abnormalities in reward processing in bipolar disorder, suggesting this should be an important target for future research.
The fronto-striatal neural circuit operates as an integrated network to facilitate reward-related affect and approach-related behavior (see Haber & Knutson, 2010 for review). It will be important for future research on reward-related neural activation in bipolar disorder to move beyond examining neural regions in the fronto-striatal network in isolation of each other and to instead take a 'connectivity perspective'. The advent of connectivity analyses allows researchers to examine whether neural regions are functionally related to each other and, using techniques such a dynamic causal modeling (DCM; Friston, Harrison, & Penny, 2003) , the extent to which activation in one neural region modulates activity in another. Highlighting the potential value of these analyses, Trost et al. (2014) reported that bipolar I individuals had disturbed topedown control of subcortical reward signals by the prefrontal cortex during reward processing. Employing functional connectivity analyses will allow researchers to better determine whether the core abnormality in reward-processing in bipolar disorder involves too much 'bottomeup' activation in subcortical regions such as the ventral striatum to reward-relevant stimuli, deficits in 'topedown' control of subcortical regions by the prefrontal cortex, or both.
Lastly, all of the studies on bipolar disorder that have employed fMRI reward paradigms have used monetary cues as the rewarding stimulus. This stimulus may be particularly effective for examining reward-related neural activation in bipolar disorder given individuals with bipolar disorder are characterized by elevated achievement motivation (Johnson & Carver, 2006 ) and achievement oriented cognitive styles (Alloy, Abramson, Walshaw, et al., 2009) . Future research should examine whether this profile of abnormally elevated fronto-striatal activation in bipolar disorder generalizes to primary and social reward cues.
Assessment implications of reward-related neural activation in bipolar disorder
In the beginning of the present paper we highlighted the fact that close to 70% of individuals with bipolar disorder were initially misdiagnosed (Hirschfeld et al., 2003) and that it can take 6e10 years or longer for an individual with bipolar disorder to receive an accurate diagnosis and treatment (Ghaemi et al., 1999 (Ghaemi et al., , 2000 . Certain researchers have argued that biological markers could be used to compliment self-report based diagnostic strategies to facilitate accurate assessment and differential diagnosis . In this next section, we provide supporting evidence for the argument that elevated reward-related neural activation may reflect a unique biological marker of risk for bipolar disorder. We focus on the potential utility of reward-related neural activation in differentiating between bipolar disorder and unipolar depression, given that unipolar depression is the most frequent misdiagnosis of bipolar disorder. Indeed, approximately 60% of individuals with bipolar disorder were initially misdiagnosed as having unipolar depression (Hirschfeld et al., 2003) . In considering reward-related neural activation as a possible biological marker of bipolar disorder, we also discuss some of the considerable challenges to using neuroscience techniques in real life clinical assessment.
Psychosocial, neurophysiological, and neuroimaging research indicate that unipolar depression is characterized by decreased reward-related affect, behavior, and neural activation. Collectively, this research suggests that risk for bipolar disorder and unipolar depression are characterized by distinct and opposite profiles of reward processing and reward-related neural activation. For example, at the psychosocial level of analysis, individuals with unipolar depression self-report decreased BAS sensitivity (Kasch, Rottenberg, Arnow, & Gotlib, 2002) , experience dampened positive affect and reduced motivation (Forbes, 2009) , display a reduced hedonic capacity on behavioral probabilistic reward tasks (Pizzagalli, Iosifescu, Hallett, Ratner, & Fava, 2008) , and engage less frequently in goal-directed behavior (Forbes, 2009 ). This profile is in stark contrast to the literature reviewed in the present paper indicating that bipolar disorder is associated with elevated selfreported BAS/reward sensitivity (Meyer et al., 2001) , ambitious goal-setting (Gruber & Johnson, 2009; Johnson & Carver, 2006) , and biased expectations of positive outcomes when considering goals .
At the neurophysiological level, individuals with unipolar depression show decreased relative left frontal EEG activity (see Thibodeau, Jorgensen, & Kim, 2006 for meta-analytic review), reflecting reduced approach system sensitivity and blunted reward-related affect. Individuals with unipolar depression show decreased relative left frontal EEG activity during both depressive (Gotlib, Ranganath, & Rosenfeld, 1998; Henriques & Davidson, 1991) and euthymic states (Henriques & Davidson, 1990) , suggesting that reduced left frontal activity may be a stateindependent marker of unipolar depression. Decreased left frontal EEG activity has been observed in offspring of depressed individuals who have yet to experience a depressive episode (Dawson, Frey, Panagiotides, Osterling, & Hessl, 1997) , is associated with genetic risk for unipolar depression (Smit, Posthuma, Boomsma, & De Geus, 2007) , is predictive of treatment response for unipolar depression (Bruder et al., 2001) , and prospectively predicts onset of first unipolar depressive episode . Similar to psychosocial indices, this profile is in stark contrast to individuals with bipolar disorder who display elevated relative left frontal EEG activity (Harmon-Jones et al., 2002 Nusslock, Harmon-Jones, et al., 2012) , reflecting a propensity towards increased approach-related affect and behavior. Additionally, preliminary research indicates that bipolar disorder and unipolar depression are characterized by distinct profiles of the feedback negativity (FN) ERP component during reward processing. As indicated, individuals with elevated scores on the Hypomanic Personality Scale (HPS; Eckblad & Chapman, 1986 ) display greater reward responsiveness, as indexed by the FN, compared to individuals with both moderate and low HPS scores (Mason et al., 2012) . By contrast, unipolar depression is characterized by blunted reward responsiveness, as indexed by the FN (Foti & Hajcak, 2009) , and a blunted FN prospectively predicts onset of a first major depressive episode (Bress, Foti, Kotov, Klein, & Hajcak, 2013) .
Lastly, unipolar depression is associated with decreased ventral striatal activation during reward processing in functional neuroimaging studies [Heller et al., 2009; Forbes et al., 2009; McCabe et al., 2009 ; although see Knutson, Bhanji, Cooney, Atlas, and Gotlib (2008) for contradictory results]. OFC data are less consistent, with some studies reporting decreased (Osuch et al., 2009), and others increased (Smoski et al., 2009 ) OFC activity to reward cues in depressed individuals. These discrepancies may be driven by developmental considerations (i.e., different profiles of reward processing in adolescents versus adults) and differences in how the OFC is anatomically defined across studies. There is compelling evidence that reduced ventral striatal responsivity to reward-cues in depression reflects anhedonia, or the decreased ability to experience pleasure from activities usually found enjoyable (Stoy et al., 2012; Wacker, Dillon, & Pizzagalli, 2009 ).
Thus, across psychosocial, neurophysiological, and neurobiological levels of analysis bipolar disorder and unipolar depression are characterized by distinct and opposite profiles of reward processing, with bipolar disorder being characterized by elevated reward sensitivity, and unipolar depression by blunted reward sensitivity. These findings have important implications for understanding the pathophysiology of bipolar disorder and unipolar depression. Both these disorders are characterized by elevated cortico-amygdala threat-related brain function (Almeida et al., 2010; Etkin & Wager, 2007; Hamilton et al., 2012) and deficits in pre-frontal executive control (Pacheco-Unguetti et al., 2011; Phillips & Vieta, 2007; Wagner et al., 2006) . We argue that deficits in threat processing and executive control likely relate more to depressive symptoms that are common across bipolar disorder and unipolar depression, as well other transdiagnostic symptoms such as general distress. These mechanisms, however, may not be particularly informative in distinguishing what puts an individual at risk for bipolar disorder versus unipolar depression. We argue, however, that reward processing and fronto-striatal reward-related neural activation is highly relevant for understanding differential risk for bipolar disorder versus unipolar depression. Specifically, it is proposed that what differentiates risk for bipolar disorder versus unipolar depression is risk for mania, and one of the primary risk factors for mania involves abnormally elevated fronto-striatal reward-related neural activation. Thus, the fronto-striatal neural circuit is clearly important for understanding what distinguishes bipolar disorder from unipolar depression, whereas corticoamygdala threat processing and executive control may be more informative in understanding what is common across these illnesses.
As discussed, profiles of reward-related neural activation may also reflect an important biological marker that could help facilitate the assessment of, and differential diagnosis between bipolar disorder and unipolar depression. Additionally, reward-related neural activation may serve as a useful biological marker for differentiating bipolar disorder from other psychiatric disorders such as schizophrenia and attention deficit hyperactivity disorder (ADHD), both of which have also been associated with blunted frontostriatal neural activation (Grimm et al., 2014; Volkow et al., 2009) . For a biological marker to be useful in the assessment and diagnosis of a psychiatric disorder, however, it should be stateindependent and measureable during all phases of the illness. This is particularly important for bipolar disorder given that individuals with bipolar disorder typically present for treatment when depressed (Keck et al., 2008) . As summarized, there is growing evidence that elevated left lateral OFC activation during reward processing is present across all phases of the illness, including bipolar depression (see Table 1 ). This suggests that even during depression, individuals with bipolar disorder maintain elevated cortical representation of reward. Thus, lateral left OFC activation during reward processing may reflect a particularly important candidate marker of bipolar risk status that has diagnostic value. Future research is needed to test this hypothesis.
It is important to emphasize, however, that there are significant challenges to using biological markers in a clinical setting for assessment and diagnostic purposes. The first is pragmatic.
Neuroimaging is expensive and technically demanding. Thus, there are a limited number of settings in which it would be feasible to use neuroimaging in psychiatric assessment and most of these settings are larger metropolitan cities. One possible way to address this challenge would be to validate behavioral tasks or psychophysiological indices as proxies of neuroimaging data. These more cost effective and user-friendly measures could then be disseminated into the clinical field. While this approach has its advantages, it also has its disadvantages, which center on whether behavioral or psychophysiological indices are reliable and precise indicators of neural activation. This is an important topic for future research.
The second challenge to using biological markers in a clinical setting relates to the precision with which neuroimaging data are able to classify individual patients and predict individual behavior. The majority of studies reviewed in the present paper involve mean level differences between groups in reward-related neural activation and do not characterize individual patients. Furthermore, if we were to plot the individual data points from these studies there would likely be considerable overlap in the distribution of rewardrelated neural activation across bipolar disorder, unipolar depressed, and healthy control participants. To add additional complexity, there is extraordinary variability in the symptom profile and course of bipolar disorder across individuals (Nusslock & Frank, 2011) , which likely corresponds to individual variability in neural activation. Thus, it is unclear at this point in time what appreciable effect biological markers would have in improving clinical assessment and differential diagnosis. It is our view that for biological makers to be employed in clinical assessment it will be important to develop analytic strategies to characterize neural data at the level of the individual patient and classify individuals into clinically meaningful groups. An important step in this direction is the use of machine-learning-based pattern classification methods on MRI data. Machine learning is a data driven technique to find optimal biomarkers to classify individuals into clinically meaningful groups (Pereira, Mitchell, & Botvinick, 2009 ). This method has recently been applied to both structural and functional MRI data, successfully classifying between 81% and 92% of individuals with either schizophrenia or bipolar disorder into their appropriate diagnostic category (Costafreda et al., 2011; Davatzikos et al., 2005) . Preliminary research indicates that these accuracy levels may be even higher when incorporating genetic data (Yang, Liu, Sui, Pearlson, & Calhoun, 2010) . This will be an important topic for future research to consider in more detail.
Treatment implications of reward-related neural activation in bipolar disorder
Research on reward-related neural activation in bipolar disorder has important pharmacological and psychosocial treatment implications. With respect to pharmacology, dopamine neurotransmission is at the heart of the fronto-striatal reward circuit (Haber & Knutson, 2010; Schultz, 2002; Wise, 2002) , as summarized above. Critically, there is converging data highlighting the central role of dopamine in bipolar disorder, and pharmacological models suggest a role of increased dopaminergic drive in mania and the converse in bipolar depression (see Berk et al., 2007 for review) . For example, administration of the dopamine precursor levdopa (L-DOPA) to patients with bipolar disorder produces hypomanic/manic episodes (van Praag & Korf, 1975) . Similarly, amphetamine, which increases levels of synaptic dopamine, can produce a hypomaniclike state in otherwise healthy individuals (Leyton et al., 2002) and hyperactivity in an animal model of mania (Frey et al., 2006) . Direct acting dopamine agonists such as bromocriptine and piribedil may also induce mania in some bipolar patients (Berk et al., 2007) . By contrast, dopamine deficits play an important role in both bipolar depression and unipolar depression, and symptoms of depression can arise in the context of lowered dopamine transmission (Berk et al., 2007) .
The central role of dopamine in reward-related neural activation and bipolar disorder suggests that dopamine neurotransmission may be an important pharmacological target for managing both manic and depressive symptoms. In line with this perspective, selective dopamine antagonists are effective in controlling the symptoms of mania (Tohen, Goldberg, et al., 2003; Vieta et al., 2005) . For example, conventional neuroleptics such as haloperidol and chlorpromazine, which block dopamine receptors, are effective antimanic agents (Cipriani, Rendell, & Geddes, 2006) and strategies that deplete dopamine can reduce hypomanic/manic symptoms (Scarna et al., 2003) . There is preliminary evidence that lithium, perhaps the most effective mood stabilizer, decreases the amount of dopamine and its metabolites in unipolar and bipolar women . Furthermore, dopamineblocking antipsychotics reduce reward-related neural activation in regions such as the ventral striatum (Abler et al., 2007) . By contrast, several agents that target dopaminergic activity have been demonstrated to be effective antidepressants. Buproprion, which inhibits catecholamine transporters including dopamine, is an effective treatment for bipolar depression (Post et al., 2006; Sachs et al., 2007) . Non-dopaminergic antidepressants of diverse mechanisms have also been shown to have effects on increasing dopamine release in many brain areas in animal models, and potentiate dopamine reward-related behaviors (D'Aquila, Collu, Gessa, & Serra, 2000; Tanda, Carboni, Frau, & Di Chiara, 1994) . Lastly, in humans, electroconvulsive therapy, a highly effective treatment for depression, may involve an increase in dopamine receptor responsiveness (Ciapparelli et al., 2001) .
Despite progress, the neurochemistry of dopamine is not completely understood. The dopaminergic system is complex and there is differential functioning depending on the neural region and which receptor is expressed. Future research is needed to more precisely modulate dopamine neurotransmission and develop more individualized pharmacological treatments. Importantly, recent evidence suggests that there are also differences in transcriptional neuroanatomy across different groups of dopamine neurons (Berk et al., 2007) . Examining these differences in dopamine transcriptional neuroanatomy may be important for producing targeted, selective, and more effective therapeutic agents.
The BAS/reward hypersensitivity model and research on reward-related neural activation also have important implications for psychosocial interventions for bipolar disorder (Nusslock, Abramson, Harmon-Jones, Alloy, & Coan, 2009 ). There are currently three psychosocial interventions for bipolar disorder that have shown promise as adjuncts to pharmacotherapy e CognitiveBehavioral Therapy (CBT), Psychoeducational Interventions, and Interpersonal and Social Rhythm Therapy (IPSRT). Growing evidence highlights the efficacy of these interventions, as summarized in a meta-analysis that reported a significant reduction in relapse rates (~40%) for individuals with bipolar disorder engaged in these treatments (Scott, Colom, & Vieta, 2007) . We next briefly review some of the possible implications of research on reward processing in bipolar disorder for each of these interventions.
CBT has been applied to bipolar disorder given research indicating that individuals with bipolar disorder exhibit underlying cognitive patterns as negative as those of individuals with unipolar depression and that cognitive styles predict the course of bipolar disorder, alone or in combination with both negative and positive life events (Alloy, Abramson, Neeren, et al., 2006; Alloy, ReillyHarrington, Fresco, Whitehouse, & Zechmeister, 1999; FrancisRaniere, Alloy, & Abramson, 2006; Scott & Pope, 2003) . The small number of studies conducted to date provide reasonable evidence that CBT has a positive prophylactic effect on bipolar disorder and improves psychosocial functioning and medication adherence (e.g., Lam et al., 2000; Miklowitz et al., 2007; Scott, Garland, & Moorhead, 2001) . There is, however, research indicating that CBT is more effective in reducing days of depression over time than days manic (Zaretsky, Lancee, Miller, Harris, & Parikh, 2008) .
In line with the BAS/reward hypersensitivity model's emphasis on drive and incentive motivation, there is growing evidence that the cognitive style of individuals with bipolar disorder is marked by ambitious goal-setting, autonomy, and perfectionism in the achievement domain (Alloy, Abramson, Walshaw, et al., 2009; Johnson, 2005; Lam et al., 2004) . Moreover, Alloy, Abramson, Walshaw, et al. (2009) reported that only achievement oriented cognitive dimensions predicted the likelihood of onset of depressive and hypomanic/manic episodes among individuals with bipolar disorder over a 3 year follow-up period. This is in contrast to the dependency and attachment attitudes frequently observed among unipolar depressed individuals (for alternative findings, see Hammen, Ellicot, & Gitlin, 1992) . Accordingly, we propose that an important contribution of research on reward processing in bipolar disorder for CBT is highlighting the potential value of targeting achievement and reward-oriented cognitive profiles in managing both the depressive and manic phases of bipolar disorder. Preliminary support for this claim comes from a study by Lam et al. (2003) that modified CBT for bipolar disorder to specifically target extreme goal striving attitudes (Lam et al., 2003) . The authors report that this variant of CBT not only reduced bipolar episodes and hospitalizations relative to a treatment as usual group, but also reduced highly driven and extreme goal-attainment beliefs that were viewed as a risk factor for future episodes. Adding nuance to these data, however, is a follow-up study by Lam, Wright, and Sham (2005) in which it was found that bipolar patients who perceive themselves to possess hypomanic personal attributes (e.g., dynamism, persuasiveness and productiveness) did less well in CBT (i.e., more relapses sooner) than a treatment as usual group. This suggests that CBT may need to be modified to be effective for subpopulations prone to particularly high levels of reward sensitivity. Future research is needed to more fully examine this issue.
Psychoeducation for bipolar disorder has been informed by the literature on psychoeducational treatments for schizophrenia (Miklowitz & Goldstein, 1997) , and there is considerable evidence that psychoeducational interventions for bipolar disorder have a positive prophylactic effect for a number of clinically relevant variables (e.g., Miklowitz, George, Richards, Simoneau, & Suddath, 2003; Miklowitz et al., 2000; Rea et al., 2003) . There are several models of psychoeducational interventions for bipolar disorder, many of which are beyond the scope of the present paper. The two components of psychoeducation that we focus on involve helping individuals identify and manage both hypomanic/manic prodromal symptoms and life events that may trigger bipolar episodes. In medicine, prodromes are defined as early signs and symptoms that herald a full episode (Molnar, Feeney, & Fava, 1988) . Two advantages in targeting prodromes in the treatment of bipolar disorder are (a) full-blown bipolar episodes may overwhelm the coping strategies of patients, where these strategies may be highly effective in managing prodromes of bipolar episodes; and (b) the prodromal period precedes the full bipolar syndrome (Smith & Tarrier, 1992) , representing a window in which intervention might protect patients from relapse. Support for this claim are data indicating that teaching patients to recognize early symptoms of manic relapse and seek early treatment is associated with clinical improvements in time to first manic relapse, social functioning, and employment (Perry, Tarrier, Morriss, McCarthy, & Limb, 1999) .
In line with the BAS/reward hypersensitivity model, growing evidence suggests that prodromes of manic episodes are characterized by extreme goal-setting and heightened expectations of success in the achievement domain. Indeed, increased goaldirected activity is one of the two most common behavioral prodromes of mania and has been independently associated with increased rates of manic episodes (Lam, Wong, & Sham, 2001 ). Accordingly, certain clinicians have begun to take a BAS/reward perspective and are giving particular attention to the importance of helping patients understand the relationship between ambitious goal-setting and the onset of manic episodes (Lam et al., 2003) . These clinicians argue that the therapist and patient can develop a treatment plan in which surges of reward sensitivity, ambitious goal-setting, and confidence are identified and challenged during the prodromal period, and behavioral deactivation strategies can be employed to manage mood and motivation (Lam & Wong, 1997) . We argue that psychoeducation for bipolar disorder may benefit from the perspective taken by Lam and colleagues of giving particularly close attention to elevated reward sensitivity, ambitious goal-setting, and increased goal-directed activity during the prodromal period.
Another component of certain psychoeducational models is to educate clients and their family members on the important role that life events and stressors play in the course of bipolar disorder and to identify triggers of bipolar episodes (Morris, Miklowitz, & Waxmonsky, 2007) . To date, however, much of the research on life events and bipolar disorder has been atheoretical, with many studies relying on global classifications of events such as negative events, stressful events, and severe events. An advantage of the BAS/reward hypersensitivity model is that it makes specific predictions about the types of life events relevant to the onset of bipolar episodes, particularly hypo/manic episodes. In line with this model, research indicates that both goal-striving (Nusslock et al., 2007) and goal-attainment (Johnson et al., 2000) life events precipitate hypomanic/manic episodes among individuals with bipolar disorder. By contrast, positive events that do not involve the pursuit or attainment of a valued reward are not associated with an increase in manic symptoms (Johnson et al., 2000) . Thus, research on reward processing in bipolar disorder may be helpful to both psychoeducation clinicians and clients in generating a better understanding of the role that reward-relevant life events play in the course of bipolar disorder. We of course are not suggesting that individuals with bipolar disorder refrain from pursuing or attaining rewards or goals. We are suggesting, however, that it may be beneficial for individuals with bipolar disorder to enter into these positive life events with an appreciation of the importance of monitoring their affect and behavior to minimize the risk of hypomanic/manic symptoms.
The Social Rhythm or Zeitgeber Theory (Ehlers, Frank, & Kupfer, 1988; Ehlers, Kupfer, Frank, & Monk, 1993) postulates that life events that disrupt daily rhythms or schedules will be especially likely to precipitate bipolar symptoms and episodes. This theory suggests that individuals with bipolar disorder have a predisposition to circadian rhythm and sleepewake cycle abnormalities that may be responsible, in part, for the onset of hypomanic/manic and depressive symptoms. Based on this work, Frank et al. (1997); Frank (1999) developed IPSRT. This therapy integrates interpersonal psychotherapy for unipolar depression (Klerman, Weissman, Rounsaville, & Chevron, 1984) with behavioral and environmental strategies to help stabilize irregularities of the sleepewake cycle among bipolar individuals and manage bipolar symptoms. We and others (Grandin, Alloy, & Abramson, 2006; Levenson, Nusslock, & Frank, 2013) propose that research on reward processing in bipolar individuals is highly relevant to both the Social Rhythm Theory and IPSRT. As discussed in the present paper, individuals with elevated reward-sensitivity and reward-related neural activation are at risk for experiencing an excessive increase in approachrelated affect and motivation in the presence of rewarding life events. This excessive increase in approach-related affect is frequently reflected in excessive goal-striving behaviors which are incongruent with maintaining regular schedules/social rhythms. Thus, individuals with elevated reward sensitivity may work excessively long hours and neglect normal social routines, which, in turn may disrupt circadian rhythms and trigger mood symptoms (Nusslock et al., 2009) . Consistent with this perspective, Boland et al. (2014) reported that individuals with elevated reward sensitivity experienced more social rhythm disruption following reward-relevant life events. Furthermore, greater social rhythm disruption during these rewarding events prospectively predicted increases in depressive and hypomanic symptoms, as well as first onset of a bipolar spectrum diagnosis. Accordingly, we propose that it may be helpful for the IPSRT therapist to be particularly sensitive to the disruptive effects that elevated reward sensitivity and goalpursuit have on social and circadian rhythms and to help their clients develop behavioral and environmental strategies to maintain social/circadian regularity in the midst of reward-relevant life events. Many of the existing IPSRT strategies designed to address the effect of interpersonal events on circadian/social rhythms could be applied to reward or goal-relevant events. For example, the interpersonal inventory used in IPSRT is designed to identify and assess the major relationships in an individual's life. This logic could be extended to the development of a reward or goal-relevant inventory in which the therapist and client identify the meaning and value of relevant goals. Using the Social Rhythm Metric (SRM; Monk, Kupfer, Frank, & Ritenour, 1991) , a self-report instrument designed to quantify daily rhythms, the therapist and client could then examine the extent to which these reward-relevant events are likely to induce social/circadian rhythm disruption. Finally, goalpursuit strategies could be developed to maximize the chances of reward attainment while minimizing social and circadian rhythm disruption.
Concluding remarks
A considerable challenge in the management and treatment of bipolar disorder is the fact that it can take upwards of ten years for an individual with bipolar disorder to receive an accurate diagnosis (Ghaemi et al., 1999; Ghaemi, et al., 2000) , and over 60% of bipolar individuals report being initially misdiagnosed as having unipolar depression (Hirschfeld et al., 2003) . Certain researchers have argued that biological markers could be used to compliment selfreport based diagnostic strategies to facilitate accurate assessment and differential diagnosis . As outlined in the present paper, bipolar disorder and unipolar depression are characterized by distinct and opposite profiles of reward-related neural activation in the fronto-striatal circuit, with bipolar disorder being characterized by abnormally elevated reward-related neural activation, and unipolar depression by reduced or blunted activation. Accordingly, we propose that profiles of reward-related neural activation may reflect an important biological marker of differential risk for bipolar disorder versus unipolar depression. However, as also discussed, there are considerable challenges to using biological markers in a clinical setting for assessment and diagnostic purposes. These challenges involve the expense and technical demands of neuroimaging, as well as the poor precision with which neuroimaging data are able to classify and predict individual behavior. It will be important for researchers and clinicians to directly address these challenges if neuroscience techniques are to eventually facilitate diagnostic assessment. Lastly, research on reward-related neural activation in bipolar disorder has important pharmacological and psychosocial treatment implications.
